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SPECIFICATION 

TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, Takayuki Kawabe, a citizen of 
Japan residing at: Kawasaki-shi, Kanagawa, Japan and Ichiro 
Watanabe, a citizen of Japan residing at Kawasaki--shi, 
Kanagawa, Japan have invented certain new and useful 
improvements in 

INFORMATION STORAGE DEVICE 
of which the following is a specification : - 
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TITLE OF THE INVENTION 

INFORMATION STORAGE DEVICE 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

The present invention generally relates to 
information storage devices, and, more . particularly , 
to an information storage device having a uniaxial 
tracking mechanism as a pickup. 

10 When performing a pull-in operation to 

move from a seek control operation to a track 
following control operation in an optical disk 
device, the velocity of the objective lens is 
measured to determine a deceleration current. The 

15 deceleration current is then outputted so that the 

velocity is lowered enough to perform a stable track 
pull-in operation. After that, the operation is 
switched to the track following control operation. 

Meanwhile, to lower the cost of the device 

20 a digital servo system using MPU or DSP is used for 
controlling a beam-spot tracking mechanism, and a 
uniaxial system is employed for the tracking 
mechanism. 

In view of this, it is necessary to 
25 develop a control method suitable for sampling 

operations, and also, it is necessary to achieve 
steadier track pull-in operations. 

2. Description of the Related Art 
Ais mentioned above, in a pull-in operation 
30 to move from a seek control operation to a track 
following control operation in an optical disk 
device, the velocity of the objective lens is 
measured to determine a deceleration current. The 
deceleration current is then outputted so that the 
35 velocity is lowered enough to perform a stable track 
pull-in operation. After that, the operation is 
switched to the track following control operation. 
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To perforin a stable track pull-in 
operation, the pulse height of a deceleration pulse, 
i.e., an acceleration &, and the pulse width, i.e., 
a time t , can be determined using the following 
5 equations: 

t = 2d/v ... (1) ' 

& = vV2d ... (2;) 

wherein d is the remaining distance to a 

target track, and v is the velocity at the time of 
10 pull-in start. Japanese Laid-Open Patent 

Application No. 3-37876 discloses this method in 

detail . 

In recent years, a tracking control 
operation for an optical disk device has been 

15 performed more and more often by a digital 

arithmetic unit, such as DSP (Digital Signal 
Processor), to lower the cost. In such a case, 
control output is carried out in predetermined 
sampling cycles. Even if the pulse width t is 

20 determined from the velocity v at the pull-in 

starting time, the resolution is determined by the 
control sampling cycles of the DSP. 

For instance, in a case where a 
deceleration pulse is outputted at v =8.3 mm/s and 

25 at a point half a track before a target track in a 
l.l-pm track-pitch optical disk medium, the 
deceleration pulse height, i.e., the acceleration A, 
can be determined from the equation (2) as: 
a = -62.6 [m/sM 

30 The deceleration pulse width, i.e., the 

time t, can be determined from the equation (1) as: 
t = 132.5 lis 

If sampling is performed at a frequency of 
60 kHz, the time t is equivalent to 7.95 cycles. 
35 Accordingly, a 7 -cycle deceleration pulse is 
outputted. 

Since 7 cycles are equivalent to the time 
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t = 116.7 ps, only a deceleration velocity v = ^it = 
7.3 mm/s is obtained. For an intended deceleration 
velocity v of 8.3 mm/s, a residual velocity of 1.0 
mm/s is caused. This residual velocity adversely 
5 affects the stability in the track pull-in operation. 

In an actual device, the velocity v is 
determined by measuring the cycle T of ; a tracking 
error signal and dividing the track pitch p by the 
cycle T. Accordingly, the velocity v can be 
10 expressed as: 

V - p/T ... (3) 

From the equation (3), the time t can be 
expressed as: 

T = iZdT/p ... (4) 

15 From the equation (4), the acceleration & 

can be expressed as: 

& = pV(2dT^) ... (5) 

If noise exists in a tracking error signal, 
an error is caused in a measured value of the cycle 
20 T. The error of the cycle T affects the pulse width 
t of the deceleration pulse based on the equation 
(4) and also the acceleration d based on the 
equation (5). Here, the acceleration & is in 
inverse proportion to the square of T. For this 
25 reason, the error greatly affects the acceleration 4, 
and hinders accurate control operations. 
Conventionally, a decelerating operation is carried 
out by a single deceleration pulse having the pulse 
width t and the pulse height & determined by the 
30 equations (4) and (5). 

A suitable point to detect the present 
position of a beam spot in the vicinity of a target 
track in a seek control operation is half a track 
before the target track. In a case where the medium 
35 has a l.l-pm pitch, for instance, the suitable beam- 
spot detecting position is 0.55 pm before a. target 
track. 
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In a case where the velocity v at the 
starting time of a track pull-in operation is 8.0 
mm/s, to reduce the velocity v to 0 mm/s while 
moving half a track, a deceleration pulse having a 
5 pulse width of 137.5 ps and a pulse height of 58.2 
m/s^ is required. In a uniaxial tracking mechanism, 
the acceleration ability is low, and it is extremely 
difficult to obtain such a high acceleration: To 
lower the acceleration, the velocity v at the 

10 starting time of a track pull-in operation must be 
lowered. However, if the velocity is too low, the 
seek velocity control becomes unstable. 

There is a method in which a remaining 
distance d to a target track is made longer so as to 

15 maintain a low acceleration, i.e., a pull-in 

deceleration pulse is outputted one track or 1.5 
tracks before the target track. For instance, 
Japanese Laid-Open Patent Application No. 9-81940 
discloses a method in which deceleration is started 

20 one track before a target track. In such a method, 
however, the deceleration pulse width t is larger, 
and if there is an error in the acceleration 
mechanism of the tracking actuator or if turbulence 
is externally caused during a decelerating operation, 

25 any of those changes cannot be accommodated.. To 

solve such a problem, there is a method in which a 
deceleration pulse having a smaller width t is 
employed. However, this method also has a problem 
that the residual velocity at the starting time of a 

30 deceleration pulse cannot be made high enough to 

perform stable seek operations. Japanese Laid-Open 
Patent Application No. 9-102135 suggests a method in 
which a deceleration pulse is outputted one track 
before a target track, and the height of the 

35 deceleration pulse is then corrected half a track 
before the target track. In this method, however, 
an accurate velocity cannot be detected from a 
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tracking error signal half a track before a target 
track, because deceleration is caused by the 
deceleration pulse. In Japanese Laid-Open Patent 
Application No. 9-102135, for instance, the track 
5 pitch is divided by the zero-cross cycle of a 

tracking error signal to obtain a velocity detection 
value VDET. However, since the obtained VDET is the 
mean velocity between the zero^crbss cycles, the 
instantaneous velocity at the detection point of the 

10 latest zero-cross cannot be accurately, measured when 
acceleration is caused. 

As described so far, the problems with the 
prior art are that the ^ di^celeration of i the beam spot 
cannot be made high enough after a seek velocity 

15 control operation, and that the beam spot velocity 
used for pulse height correction cannot be 
accurately measured. Also, with a pulse width and 
pulse height determined by the equations (4) and (5) 
the resolution of the pulse width deteriorates due 

20 to the sampling, and the height of a deceleration 
pulse, i.e., the high acceleration a, results in 
unstable track pull-in operations. 

SUMMARY OF THE INVENTION 

25 A general object of the present invention 

is to provide information storage devices in which 
the above disadvantages are eliminated. 

A more specific object of the present 
invention is to provide an information storage 

30 device which enables stable track pull-in operations 

According to the present invention, a 
deceleration pulse for instructing a tracking 
actuator to decelerate is supplied to the tracking 
actuator a plurality of times between a seek control 

35 operation and a tracking control operation. As the 
deceleration pulse is supplied the plurality of 
times, the amplitude of the deceleration pulse each 
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tlme can be made small. Thus, enough deceleration 
can be obtained without applying a large amount of 
current • 

Also in the present invention, the low 
5 frequency element is extracted from a seek control 
signal, and then is added to the deceleriation pulse. 
Thus, low-frequency disturbance caused .while 
outputting the deceleration pulse can be^^ compensated 
beforehand, so that an accurate positioning 

10 operation can be performed. 

Furthermore, according to the present 
invention, the movement velocity of the beam is 
measured, and the amplitude of the deceleration 
pulse to be supplied to the tracking actuator is 

15 determined as a linear function of the detected 
movement velocity. In this manner, noise in the 
movement velocity can be prevented from bei^g 
amplified and then being added to the . deceleration 
pulse. Thus, desired deceleration can be obtained, 

20 and an accurate positioning operation can be 
performed . 

Also in the present invention, the 
deceleration pulse has a predetermined pulse width, 
so that the deceleration pulse is not influenced by 

25 resolution deterioration caused by sampling. Thus, 
desired deceleration can be achieved, and an 
accurate positioning operation can be performed. 

The above and other objects and features 
of the present invention will become more apparent 

30 from the following description taken in conjunction 
with the accompanying drawings . 

RRTEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an optical 
35 disk device of one embodiment of the prissent 
invention; t'^*, 

FIGS. 2A and 2B show the structure of an 
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optical pickup and its surrounding parts of the 
embodiment of the present invention; 

FIG. 3 is a block diagram of a 
deceleration pulse output circuit of the embodiment 
5 of the present invention; 

FIG. 4 is a table showing a selecting 
operation of a tracking selecting circi^it of the 
embodiment of the present invention; 

FIGS. 5A to 5 J are timing charts showing 
10 an operation of the embodiment of the present 
invention; and 

FIG. 6 illustrates a pull-in operation of 
the embodiment of the present invention. 

15 DESCRIPTION QF THE PREFERRED EMBODIMENTS 

The following is a description of 
embodiments of the present invention. 

FIG. 1 is a block diagram of one 
embodiment of the present invention. 

20 An optical disk device 1 comprises a 

spindle motor 2, an optical pickup 3, an optical 
system 4, a tracking control circuit 5, a focusing 
control circuit 6, and a signal processing circuit 7. 
The spindle motor 2 rotates an optical disk 8. The 

25 optical pickup 3 irradiates an optical beam .9 onto 
the optical disk 8 being rotated by the spindle 
motor 2 . The optical pickup 3 can be moved radially 
by an actuator described below, so that the optical 
beam 9 can track a desired one of tracks formed on 

30 the optical disk 8. 

The optical system 4 comprises a laser 
diode, an optical detecting device, and a prism. 
The optical system 4 supplies a laser beam to the 
optical pickup 3, and extracts a tracking error 

35 signal element, a focussing error signal element, 
and an information signal element from reflection 
light supplied via the optical pickup 3 . The 



tracking error signal element extracted by the 
optical system 4 is supplied to the tracking control 
circuit 5. The focusing error signal element 
extracted by the optical system 4 is supplied to the 
5 focusing control circuit 6. The information signal 
element extracted by the optical system 4 is 
supplied to the signal processing circuit 7. 

The tracking control circuit 5 detects the 
tracking error signal element supplied from the 
10 optical system 4, and controls movement of the 
optical pickup 3 in the radial direction of the 
optical disk 8 (a direction indicated by an arrow A). 

FIG. 2A is a plan view of the structure of 
the optical pickup of the embodiment of the present 
15 invention, and FIG. 2B is a side view of the same. 

The optical pickup 3 comprises a carriage 
11, an objective lens 12, a reflection portion 13, a 
supporting plate spring 14, a focusing actuator 15, 
and voice coils 16. Being guided by rails 18 
20 secured by a base 17, the carriage 11 can move in 
the direction of the arrow A. 

The objective lens 12 is held slidably in 
the direction of an arrow B by the carriage 11 via 
the supporting plate spring 14. . 
25 The focusing actuator 15 is mounted on the 

carriage 11, and oscillates the objective lens 12 in 
the direction of the arrow B. The voice coils 16 
are fixed to a side of the carriage 11. 

The voice coils 16, together with 
30 permanent magnets 20 and yokes 19 fixed to the base 
17 along the rails 18, constitute a tracking 
actuator. By applying current to the voice coil 16, 
the carriage moves in the direction of the arrow A. 

Referring back to FIG. 1, the tracking 
35 control circuit 5 will be described below. 

As shown in FIG. 1, the tracking control 
circuit 5 comprises a tracking error signal 
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detecting circuit 21, a track following control 
circuit 22, a velocity control circuit 23, a 
deceleration control circuit 24, a tracking 
selecting circuit 25, a command control circuit 26, 
5 and a driver circuit 27. 

The tracking error signal detecting 
circuit 21 generates a tracking error signal TES 
from a signal supplied from the optical system 4. 
The tracking error signal TES generated by the 

10 tracking error detecting circuit 21 is = supplied to 
the track following control circuit 22 .and the 
velocity control circuit 23. 

In accordance with the tracking error 
signal TES supplied from the tracking error signal 

15 detecting circuit 21, the track following control 
circuit 22 generates a track following cpntrql 
signal TRKDRV for driving the optical pickup 3 /to 
follow along a desired track, and supplies the track 
following control signal TRKDRV to the 'tracking 

20 selecting circuit 25. 

The velocity control circuit 23 counts the 
number of jump tracks from the tracking error signal, 
and generates a seek velocity control signal SEEKDRV 
for a target position. The seek velocity control 

2 5 signal SEEKDRV generated by the velocity control 
circuit 23 is supplied to the tracking selecting 
circuit 25. 

The tracking selecting circuit 25 selects 
the track following control signal TRKDRV or the 

30 seek velocity control signal SEEKDRV. More 

specifically, the tracking selecting circuit 25 
selects the track following control . signal TRKDRV to 
follow along a desired track, and selects the seek 
velocity control signal SEEKDRV to perform a seek 

35 operation. 

The selected signal TDRV selected by the 
tracking selecting circuit 25 is supplied to the 
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driver circuit 27. In accordance with the selected 
signal TDRV selected by the tracking selecting 
circuit 25, the driver circuit 2 7 supplies driving 
current to the voice coils 16 of the optical pickup 
5 3. The optical pickup 3 is thus driven in the 

direction of the arrow A with the driving current 
supplied from the driver circuit 27 to .the voice 
coils 16. 

Referring back to FIG. 1, the velocity 
10 control circuit 23 comprises a track zero-cross 
detecting circuit 28, a track zero-cross counter 
circuit 29, a velocity detecting circuit 30, a 
target velocity generating circuit 31, a subtracter 
32, and a seek control circuit 33. 
15 The track zero-cross detecting circuit 28 

detects the zero-cross point of the tracking error 
signal TES generated by the tracking error signal 
detecting circuit 21, and generates a zero-cross 
pulse signal TZC in accordance with the detected 
20 zero-cross point. The zero-cross pulse signal TZC 
generated by the track zero-cross detecting circuit 

28 is supplied to the track zero-cross counter 
circuit 29 and the velocity detecting circuit 30. 

The track zero-cross counter circuit 29 
25 counts the zero-cross pulse signals TZC supplied 

from the track zero-cross detecting circuit 28, and 
outputs a count value TRKCN. The count value TRKCN 
of the track zero-cross counter circuit 29 is 
supplied to the target velocity generating circuit 
30 31. The target velocity generating circuit 31 

generates target velocity information from the count 
value TRKCN of the track zero-cross . counter circuit 

29 . 

The velocity detecting circuit 30 
35 generates optical beam movement velocity information 
SEEKVEL in accordance with the zero -cross pulse 
signal TZC supplied from the track zero-cross 



-11- 



detecting circuit 28. 

The subtracter 32 subtracts the movement 
velocity information SEEKVEL generated by the 
velocity detecting circuit 30 from the target 
5 velocity information supplied from the target 

velocity generating circuit 31. The output signal 
of the subtracter 32 is the difference -between the 
target velocity and the actual movement velocity, 
i.e., a seek velocity error signal. 

10 The seek velocity error signal is supplied 

to the seek control circuit 33. The seek control 
circuit 33 phase-compensates the seek velocity error 
signal supplied from the subtracter 32 so as to 
obtain the seek velocity control signal SEEKDRV. 

15 The seek velocity control signal SEEKDRV 

obtained by the seek control circuit 33 is supplied 
to the tracking selecting circuit 25. The optical 
pickup 3 is driven in accordance with the seek 
velocity control signal SEEKDRV, and is thus driven 

20 in accordance with a predetermined velocity profile. 

As shown in FIG. 1, the deceleration 
control circuit 24 comprises a deceleration pulse 
output circuit 34, a target track number comparator 
35, a low frequency element extracting :;circuit 36, a 

25 switching circuit 37, an adder 38, a timer 39, and 
an output controller 40. 

The deceleration pulse output circuit 34 
receives the movement velocity information SEEKVEL 
from the velocity detecting circuit 30, and is also 

30 supplied with a clock signal CLK from the target 

track number comparator 35. The deceleration pulse 
output circuit 34 generates a deceleration pulse in 
accordance with the movement velocity information 
SEEKVEL, and outputs the deceleration pulse in 

35 accordance with the clock signal CLK. 

FIG. 3 is a block diagram of , the 
deceleration pulse output circuit of the embodiment 
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of the present invention. 

The deceleration pulse output circuit 34 
comprises a subtracter 41, a velocity offset setting 
unit 42, a multiplier 43, and a latch signal 
5 generating unit 44. The subtracter 41 receives the 
movement velocity information SEEKVEL from the 
velocity detecting circuit 30, and is also supplied 
with a velocity offset value VO from the velocity 
offset setting unit 42. The velocity offset value 

10 VO is preset in the velocity offset setting unit 42. 
The velocity offset value VO is set so that a pull- 
in operation can be performed after a seek control 
operation. The subtracter 41 subtracts the velocity 
offset value VO from the movement velocity 

15 information SEEKVEL. 

The output signal of the subtracter 41 is 
supplied to the multiplier 43. The multiplier 43 
multiples the output signal of the subtracter 41 by 
a predetermined constant K, and outputs the result 

20 as a deceleration pulse signal. Accordingly, an 
output deceleration pulse & of the deceleration 
pulse output circuit 34 can be expressed as: 
a = K{V - VO) • . . (6) 

wherein V is the current movement velocity, 

25 VO is the velocity offset value, and K is the 
constant . 

The output signal & of the deceleration 
pulse output circuit 34 represents the pulse height, 
which determines the deceleration of the optical 
30 pickup 3. 

The deceleration pulse generated by the 
deceleration pulse output circuit 34 is supplied to 
the switching circuit 37. The switching circuit 37 
controls the output of the deceleration pulse output 
35 circuit 34, in accordance with the clock signal CLK 
output ted from the target track number comparator 3 5 
and a timing signal outputted from the timer 39. 
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The deceleration pulse output circuit 34 can 
arbitrarily set the deceleration pulse 4, depending 
on the clock signal CLK. For instance, when a first 
clock signal CLK is supplied the deceleration pulse 
5 output circuit 34 outputs a deceleration pulse 41, 
and when a second clock signal CLK is supplied, the 
deceleration pulse output circuit 34 outputs a 
deceleration pulse 42. The deceleration pulse dl 
and deceleration pulse 42 can be arbitrarily set. 

10 The latch signal generating unit 44 is 

supplied with a clock signal CLK outputted from the 
target track number comparator 35 when the number of 
tracks reaches the target number. The leitch signal 
generating unit 44 then detects the initial rise of 

15 the clock signal CLK, and generates a latch signal 
LATCH. The latch signal LATCH generated by the 
latch signal generating unit 44 is supplied to the 
low frequency element extracting circuit 36. 

The low frequency element extracting 

20 circuit 36 receives the latch signal LATCH from the 
deceleration pulse output circuit 34, and is also 
supplied with the seek control signal SEEKDRV 
generated by the seek control circuit 33. The low 
frequency element extracting circuit 36 extracts a 

25 low frequency element signal CSTDRV from the seek 
control signal SEEKDRV supplied from the seek 
control circuit 33, and latches the extracted low 
frequency element signal CSTDRV at the timing of the 
latch signal LATCH. The low frequency element 

30 signal CSTDRV latched by the low frequency element 
extracting circuit 36 is supplied to the adder 38. 

The target track number comparator 35 
outputs a clock signal CLK, and generates a pull-in 
control signal PULLIN that changes to the low-level 

35 when the count value TRKCNT outputted from the track 
zero-cross counter circuit 29 of the velocity 
control circuit 23 reaches a value predetermined in 



accordance with the number of tracks existing before 
a target position. The pull-in control signal 
PULLIN generated by the target track number 
comparator 35 is supplied to the output controller 
5 40. The clock signal CLK generated by the target 
track number comparator 3 5 is supplied to the 
deceleration pulse output circuit 34, t;he switching 
circuit 37, and the timer 39. The clock signal CLK 
outputted from the target track number comparator 35 

10 is used as a start-up signal for the timer 39. 

The timer 39 is started when the clock 
signal CLK supplied from the target track number 
comparator 35 changes from the low level to the high 
level. After a predetermined period of time has 

15 passed, the timer 39 inverses the output from the 
low level to the high level. Two types of clock 
time to and tlO are set in the timer 39. Upon 
receipt of a first clock signal CLK, the output is 
inversed during the clock time tO, and upon receipt 

20 of a second clock signal CLK, the output is inversed 
during the clock time tlO. When receiving a clock 
signal CLK, the timer 39 resets the output to the 
low- level. The output signal of the timer 39 is 
used as a stop signal STOP for stopping deceleration 

25 pulse output. 

The stop signal STOP is supplied to the 
switching circuit 37 and the output controller 40. 
The switching circuit 37 switches the deceleration 
pulse output of the deceleration pulse output 

30 circuit 34 in accordance with the clock signal CLK 

outputted from the target track number comparator 35 
and the stop signal STOP outputted from the timer 39. 

The output of the switching circuit 37 is 
supplied to the adder 38. The adder 38 adds the low 

35 frequency element CSTDRV extracted by the low 
frequency element extracting circuit 36 to the 
deceleration pulse generated by the deceleration 
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pulse output circuit 34 when the switching circuit 
37 outputs a deceleration pulse. The addition 
result is supplied to the tracking selecting circuit 
25. When the switching circuit 37 stops the 
5 deceleration pulse output, only the low frequency 
element CSTDRV extracted by the low frequency 
element extracting circuit 3 6 is supplied to the 
tracking selecting circuit 25. 

The output controller 40 is an 

10 irreversible rotary switch which outputs a select 
control signal SELCNT at levels "0", ''l", '2", and 
"0", in this order, in accordance with a command 
signal supplied from the command control circuit 26, 
the pull-in signal PULLIN generated by the target 

15 track number comparator 35, and the stop signal STOP 
generated by the timer 39. 

The output controller 40 changes the 
select control signal SELCNT from "0" to "1" when 
the command signal TRKCOM outputted from the command 

20 control circuit 26 is inversed from the low level to 
the high level. The output controller 40 changes 
the selection control signal SELCNT from "1" to "2" 
when the pull-in signal PULLIN generated by the 
target track number comparator 3 5 is inversed from 

25 the low level to the high level. Further, the 

output controller 40 changes the selection control 
signal SELCNT from "2" to "0" when the pull-in 
signal PULLIN generated by the target track number 
comparator 35 is low and the stop signal STOP 

30 generated by the timer 39 is inversed from the low 
level to the high level. The select control signal 
SELCNT generated by the output controller 40 is 
supplied to the tracking selecting circuit 25. 

FIG. 4 is a table for explaining a 

35 selecting operation of the tracking selecting 
circuit 25 of the embodiment of the present 
invention. 
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The tracking selecting circuit 25 selects 
the track following control signal TRKDRV generated 
by the track following control circuit 22, the seek 
control signal SEEKDRV generated by the seek control 
5 circuit 33, or a deceleration pulse signal PULLINDRV, 
in accordance with the command signal TRKCOM 
supplied from the command control circuit 26 and the 
select control signal SELCNT supplied from the 
output controller 40. When the command signal 

10 TRKCOM supplied from the command control circuit 26 
is low, the tracking selecting circuit 25^ selects 
the track following control signal TRKDRV generated 
by the track following control circuit 22 regardless 
of the output of the output controller 40. On the 

15 other hand, when the command signal TRKCOM supplied^ 
from the command control circuit 26 is high, the 
tracking selecting circuit 25 selects the track 
following control signal TRKDRV generated by the 
track following control circuit 22, the seek control 

20 signal SEEKDRV generated by the seek control circuit 
33, or the deceleration pulse signal PULLINDRV, in 
accordance with the select control signal SELCNT 
supplied from the output controller 40. When the 
command control signal TRKCOM supplied from the 

25 command control circuit 26 is high and the select 
control signal SELCNT outputted from the output 
controller 40 is "1", the tracking control circuit 
25 selects and outputs the seek control signal 
SEEKDRV generated by the seek control circuit 33. 

30 The. tracking control signal TDRV selected by the 
tracking selecting circuit 25 is supplied to the 
optical pickup 3 via the driver circuit 27, so that 
the optical pickup 3 is driven in accordance with 
the tracking control signal TRDV selected by the 

35 tracking selecting circuit 25. 

FIGS. 5A to 5 J are timing charts of 
operations in the embodiment of the present 
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invention. FIG. 5A shows the tracking error signal 
TES generated by the tracking error signal detecting 
circuit 21, FIG. 5B shows the zero-cross pulse TZC 
detected by the zero-cross detecting circuit 28, FIG. 
5 5C shows the number of tracks before the target 

position determined by subtracting the count value 
TRKCNT from the target track number, FJ.G. 5D shows 
the movement velocity information SEEKVEL generated 
by the velocity detecting circuit 30, FIG. 5E shows 

10 the seek control signal SEEKDRV generated by the 

seek control circuit 33, FIG. 5F shows the pull-in 
signal PULLIN generated by the target track number 
comparator 35, FIG. 5G shows the stop signal STOP 
generated by the timer 39, FIG. 5H shows the select 

15 control signal SELCNT generated by the output 

controller 40, FIG. 51 shows the clock signal CLK 
generated by the target track number comparator 35, 
and FIG. 5 J shows the latch signal LATCH generated 
by the deceleration pulse output circuit. 

20 When the command signal TRKCOM outputted 

from the command control circuit 26 is high and the 
number of tracks before the target positions has not 
been reduced to a predetermined value, i.e., during 
a time Tl, the select control signal SELCNT 

25 outputted from the output controller 40 is "1", as 
shown in FIG. 5H. While the select control signal 
SELCNT is "1", the tracking select control circuit 
25 selects and outputs the seek control signal 
SEEKDRV generated by the seek control circuit 33. 

30 At a timing tl, the number of tracks 

before the target position becomes smaller than the 
predetermined value, and the target track number 
comparator 35 outputs a clock signal CLK, as shown 
in FIG. 51. In response to the first clock signal 

35 CLK shown in FIG. 51, the deceleration pulse output 
circuit 34 supplies the latch signal LATCH to the 
low frequency element extracting circuit 36, as 
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shown in FIG. 5J. In accordance with the latch 
signal LATCH shown in FIG. 5J, the low frequency 
element extracting circuit 36 latches the low 
frequency element of the seek control signal SEEKDRV. 
5 The clock CLK also starts the timer 39. 

At the timing tl, the target track number 
comparator 35 inverses the pull-in sig^al PULLIN 
from the low level to the high level, as shown in 
FIG. 5F. As the pull-in signal PULLIN outputted 

10 from the target track comparator 35 becomes high, 

the output controller 40 changes the select control 
signal SELCNT to "2", as shown in FlG. 5H. As the 
select control signal SELCNT becomes ""2" . the 
tracking selecting circuit 25 selects the output of 

15 the adder 38, i.e., the deceleration-..pulse , signal 

PULLINDRV. At this point, the switching circuit 37 
outputs an output deceleration pulse from the 
deceleration pulse output circuit 34. When the 
first clock signal CLK is supplied, the deceleration 

20 pulse output circuit 34 outputs an output 

deceleration pulse having a pulse height of ^1. 

The adder 38 adds the low frequency 
element CSTDRV extracted by the low frequency 
element extracting circuit 36 to the output signal 

25 of the deceleration pulse output circuit 34, and 
outputs the addition result. Accordingly, the 
output signal TDRV of the tracking selecting circuit 
25 takes a waveform as shown in FIG. 5E. 

When the timer 39 moves to a timing t2 

30 after the predetermined clock time tO has passed 

since the timing tl, the stop signal STOP generated 
by the timer 39 becomes high, as shown in FIG* 5G. 
As the stop signal STOP outputted from the timer 39 
becomes high, the switching circuit 37 is switched 

35 off, and the adder 38 outputs only the low frequency 
element CSTDRV extracted by the low frequency 
element extracting circuit 36. At this point, the 
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select control signal SELCNT outputted from the 
output controller 40 is maintained at "^2". 
Accordingly, the output signal TDRV of the tracking 
selecting circuit 25 is the output signal of the 
5 adder 38, i.e., the low frequency element CSTDRV 
extracted by the low frequency element extracting 
circuit 36, as shown in FIG, 5E . 

In the above manner, a signal having a 
pulse width tO and a pulse height (ai + CSTDRV) is 

10 outputted as the deceleration pulse signal PULLINDRV 

When the number of tracks reduces by 1 due 
to the movement of the optical pickup 3 at a timing 
t3, the target track number comparator 35 changes 
the pull-in signal PULLIN to the low level as shown 

15 in FIG. 5F, and outputs a clock signal CLK as shown 
in FIG. 51. The clock signal CLK starts the timer 
39. The timer 39 clocks a clock time tlO different 
from the clock time tO of the previous operation. 

When the timer 39 moves to a timing t4 

20 after the predetermined clock time tlO has passed 

since the timing t3, the stop signal STOP generated 
by the timer 39 becomes high as shown in FIG. 5G. 
As the stop signal STOP becomes high, the select 
control signal SELCNT outputted from the output 

25 controller 40 becomes "0". While the select control 
signal SELCNT is "0", the tracking selecting circuit 
25 selects the track following signal TRKDRV 
outputted from the track following control circuit 
22, thereby performing a track following operation. 

30 In the above manner, a signal having a 

pulse width tlO and a pulse height (&2 + CSTDRV) is 
outputted as the deceleration pulse signal PULLINDRV 

The operation moves from the seek control 
operation to the deceleration . control operation to 

35 the track following operation, as described above. 
Also, there are two types of deceleration pulse 
signals PULLINDRV: a first deceleration pulse signal 
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has the pulse width tO and the pulse height (dl + 
CSTDRV) ; and a second deceleration pulse signal has 
the pulse width tlO and the pulse height (&2 + 
CSTDRV). Here, the clock times tO and tlO, and the 
5 pulse heights &1 and &2 can be arbitrarily set, 

i 

depending on clock signal input. By outputting a 
deceleration pulse several times, the pulse height 
of each deceleration can be made lower and thus 
optimized. Also, the pulse width can be set so as 
10 not to have an adverse influence on sampling, and a 
decelerating operation can thus be performed with a 
suitable deceleration pulse. 

The deceleration pulse output circuit 34 
determines a deceleration from a linear function 
15 expressed by the equation (6) using the present 

moving velocity. The parameter K and the velocity 
offset VO in the equation (6) are set as follows. 

Using the equation (6), the deceleration 
pulse height Sl can be expressed as: 
20 a = K(V - VO) 

The deceleration pulse width t can be 
expressed as: 

t = nAt 

wherein At is the sampling cycles, and n 
25 is the number of sampling cycles to which the 
deceleration pulse is applied. 

Since a velocity VI after the deceleration 
pulse output is VI = V + at, the velocity VI can 
also be expressed as: 
30 VI = V + Kt(V - VO) ...(7) 

Wherein V is the seek velocity SEEKVEL at 
the time of moving to the track pull-in control 
operation, and t is the deceleration pulse applying 
time . 

35 The equation (7) can be changed to: 

V - VI = Kt(V - VO) 

Accordingly, with VO = VI and K = 1/t, the 
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pulse width is invariably t = nAt regardless of the 
value of the seek velocity V. Thus, the pulse 
height a can be determined by K(V - VO), VO being 
the velocity after the pulse output. 
5 The deceleration pulse width t may be 

arbitrarily determined, but it is preferable to have 
the beam spot within a TES linear region surrounding 
a target track, as shown by a shaded portion in FIG. 
6, at the time of moving to the tracking control 

10 operation. After the deceleration pulse is 

outputted a predetermined number of tracks before 
the target track in the optical disk 8, the distance 
between the beam spot and the center point of the 
target track is expressed as: 

15 X = md - {Vt + (l/2)at^} 

Accordingly, the deceleration pulse width 
t should be set so that the value x can be within 
the peak range of the tracking error signal , i.e., 
the deceleration pulse width t should be set at |x| 

20 < (d/4). 

For instance, the control sampling period 
1/At is set at 60 kHz, the track width d of the 
optical disk 8 is 1.1 \xm, the threshold value of the 
target track number comparator 35 is [(the target 

2 5 number of tracks) - 0.5], the velocity offset VO of 
the deceleration pulse output circuit 34 is 0 mm/s, 
the deceleration pulse gain K is -3669 (m/s^ ) / (m/s ) , 
and the deceleration pulse width t is 117 \xs (7At). 
In such a case, if the seek velocity SEEKVEL is set 

30 at 8 mm/s at the time of moving to the track pull-in 
control operation, the height A of the deceleration 
pulse generated by the deceleration pulse output 
circuit 34 can be expressed as: 

& = K(V - VO) = -69 m/s^ 

35 and the velocity VI after the pulse output 

can be expressed as : . 

VI = V + at = 0 (mm/s) 
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In this manner, the height & of the 
deceleration pulse can be expressed by a linear 
function which is little influenced by a velocity 
detection error. Also, since the deceleration pulse 
5 width T is given a contact value not influenced by a 
resolution deterioration caused by sampling, the 
deceleration pulse can be outputted. fThus, when 
moving from the seek control operation to the 
tracking control operation, no residual velocity is 
10 caused, and a stable tracking control operation can 
be performed. 

The present invention is hot limited to 
the specifically disclosed embodiments, but 
variations and modifications may be made without 
15 departing from the scope of the present invention. 

The present application is based on 
Japanese priority application No. 11-093547, filed 
on March 31, 1999, the entire contents bt which are 
hereby incorporated by reference . 



